The abductor pollicis longus (APL) originates from the lateral part of the dorsal surface of the body of the ulna below the insertion of the anconeus muscle, from the interosseous membrane, and from the middle third of the dorsal surface of the body of the radius. However, the number of its accessory bands and their insertion vary considerably.
INTRODUCTION
The forearm bears three muscles that move the thumb, these being the extensor pollicis brevis (EPB) and extensor pollicis longus (EPL), known as the deep extensors, and the abductor pollicis longus muscle (APL). The APL lies immediately below the supinator, and is sometimes united with it. It originates from the lateral part of the dorsal surface of the body of the ulna below the insertion of the anconeus muscle, from the interosseous membrane, and from the middle third of the dorsal surface of the body of the radius [1] . The muscle belly of the APL passes obliquely downward and lateralward, becoming a tendon which, together with the tendon of the EPB, runs through a groove on the lateral side of the distal part of the radius and inserts at the radial side of the base of the first metacarpal bone [1] . The APL itself is innervated by the posterior interosseous nerve, a branch of the radial nerve [1] . Its primary function is to abduct the thumb at the carpometacarpal joint, thereby moving the thumb anteriorly, and to assist in extending and rotating the thumb.
The dorsal surface of the hand typically includes a number of muscles divided between six compartments: the EPB and the APL are in the first compartment, the extensor carpi radialis longus and extensor carpi radialis brevis in the second, the EPL in the third, the extensor digitorum and extensor indicis in the fourth, the extensor digiti minimi muscle in the fifth, and the extensor carpi ulnaris in the sixth [1] . Both the first and the third compartment serve as the limits of the "anatomical snuffbox".
The APL demonstrates a high degree of variability with regard to the number of its accessory bands and their insertion [2] [3] [4] [5] [6] [7] [8] [9] [10] . The presence of multiple tendons originating from the APL is clinically relevant, as it can lead to the development of de Quervain's syndrome, which is caused by stenosing tenosynovitis. In addition, these accessory bands may also serve as a potential source of transplant material, especially for tendon reconstruction [8] .
The primary aim of the study is to characterize the morphology of the APL and its accessory bands; however, it is also intended to prepare a classification for distinguishing different types of APL when planning surgical procedures in the area.
MATERIALS AND METHODS
Fifty upper limbs (31 male, 19 female) were obtained from adult Caucasian cadavers, and fixed in 10 % formalin solution before examination. The upper limbs were stored in a pool of preservative liquid for three to eight years. The cadavers were the property of the Department following donation to the university anatomy program. The inclusion criteria comprised sufficient specimen quality and the lack of evidence of surgical intervention in the examined area; this is needed to allow for complete identification of the tendon insertion. The dissection of the forearm and hand areas was performed according to the standard technique [11, 12] :
Dissection started with the removal of the skin, subcutaneous tissue and superficial fascia. Following this, starting proximal to the retinaculum, the tendon and muscle belly of the APL was exposed and precisely dissected to the bony attachment. Following this, the entire tendon was separated to the distal attachment.
Upon dissection, the following morphological features of the APL were assessed: -The type of APL tendon insertion (location, shape of tendon insertion).
-Morphometric measurements of the APL. 
Statistical analysis
Statistical analysis was performed with Statistica 12 software (StatSoft Polska, Cracow, Poland). The Chi 2 test with contingency tables were used to evaluate differences between the distribution of APL types according to gender and body side. The normality of the data distribution was checked with the Shapiro-Wilk test. As the data was not normally distributed, the morphological measurements of different APL types were compared using the Mann-Whitney U-test (two groups) or the Kruskal-Wallis test by ranks with a dedicated post hoc test (more than two groups).
A p-value lower than 0.05 was considered significant. The results are presented as mean and standard deviation unless otherwise stated.
RESULTS
The APL was present in all specimens. Based on its morphology, three main types The morphological characteristics of the tendons and muscle bellies according to body side, gender and each APL type are presented in tables 1 and 2. 
DISCUSSION
Our work provides a systematic classification of the accessory bands of the APL and their type of insertion. The proposed classification is the first to systematize the relevant APL insertion variants into three main types (I-III), with type II and III being divided into two or three subtypes.
Different types of accessory band insertions have been described in the literature [2] [3] [4] [5] [6] [7] [8] [9] [10] 13] , and such great morphological variability is believed to have an embryological basis.
The APL and EPB differentiate from a common muscle mass and are characterised by different anatomies in other primates [14] , with a continuum of differentiation of common muscle mass observed between species: the APL inserts to the radial side of the shaft of the first metacarpal bone in chimpanzees, but inserts to the trapezium bone in gorillas.
Phylogenetically, the process is still visible in infancy and therefore it is not surprising that anatomical variations are found in man [14] .
Anatomical variations of APL tendons were first described in detail by Anson [13] , who reported seven different types, the most common being one characterized by insertion into both the first metacarpal and the greater multangular bones (45.8 %) [13] . In the second most common type, the APL inserts into the first metacarpal and, additionally to the abductor pollicis brevis and the greater multangular (14.1 %) [13] . The third most frequent insertion was into the first metacarpal bone and the APB (12.8 %) . The other four types were characterized by a variable distal attachment, such as fusions with the opponens pollicis and insertion to the styloid process of the radii and the volar carpal ligament; however, these variations were much more rarely observed and were not found among our specimens [13] .
Differences between variations described by other authors and these found in our work are presented in Table 3 . Table 3 . The differences between the classifications given in the present study and those of other authors. Our prosed classification is intended to assist clinicians while preparing for surgery or during diagnosis. In this case, a classification based on ten, eight or even seven types is too unwieldy; a simpler and more practical approach would be to divide the types based on single, bifurcated (with subtypes) and trifurcated types (with subtypes), as in the proposed classification.
Types of insertion of the APL
A good knowledge of the variations of the APL is important from the clinical point of view. For example, de Quervain's tenosynovitis often develops due to repetitive and continued strain of the APL and EPB tendons as they pass under a thickened and swollen extensor retinaculum [15] . Symptoms include pain at the radial side of the wrist, spasms, tenderness, an occasional burning sensation in the hand and swelling over the thumb side of the wrist, and difficulty gripping with the affected side of the hand. The onset is often gradual and pain is made worse by movement of the thumb and wrist, and may radiate to the thumb or the forearm [15] . The presence of additional APL bands running in separate sheaths may influence the choice of treatment, as they can reduce the penetration of steroids used in conservative approaches and prevent full surgical release, thus resulting in failure. Similarly, abnormal insertion into the phalanx or metacarpal can cause trapezio-metacarpal subluxation or arthritis. In addition, ABL is also commonly used as material for tendon grafts; hence, the presence of additional bands might affect the grafting procedure, the quality of the graft and the remaining function of the thumb [8, 15] .
The present study has some limitations: no sample size calculation was performed and a relatively low number of dissected limbs were examined. Nevertheless, based on available material, we were able to propose classification that can cover all variations of the APL and can serve as a basis for further studies, and as a foundation for communication with surgeons in clinical practice. One final limitation is that the study explores only variations of the APL and not the EPB, despite the fact that it might also present variants with a significant influence important on the aetiology and treatment of de Quervain's tenosynovitis.
CONCLUSIONS
The APL is characterized by high morphological variability associated with the presence of additional bands and fusion with neighbouring muscles. Our proposed classification is simple and serves as a foundation for further development with rare variants. 
